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OF INTEREST TO
MANAGERS

Brian Schreier (DWR), brian.schreier(@water.ca.gov
and Louise Conrad (DWR), louise.conrad@water

ca.gov

This issue of the IEP Newsletter features one con-
tributed paper on water quality from the South Delta
region and a diverse set of three Status and Trends
articles, ranging from the North Delta (Yolo Bypass
fisheries monitoring) to the San Francisco Bay.

In the Contributed Paper, Rachel Pisor (DWR,
Municipal Water Quality Investigations) details the
results from a multi-year study examining the content
and effects of storm water discharges from the city of
Lathrop into the San Joaquin River. Results indicated
concentrations of ammonia, total nitrogen, orthophos-
phate, and total phosphorus were significantly higher
in the effluent compared to the river. Ammonia and
total nitrogen loads, however, only made up less than
5% and 1%, respectively, of the total San Joaquin load,
though the load increased during first flush events.
Concentrations of these constituents in the storm water
were similar to values found in other California mu-
nicipalities.

In the first of the Status and Trends articles, Jared
Frantzich (DWR, Aquatic Ecology Studies) and col-
leagues provide an update on WY2012 Yolo Bypass

Fisheries Monitoring Program, which has been ongoing

since 1998. WY2012 was characterized by the low-
est recorded winter and spring flows in the program’s
history and contrasted strongly with the relatively wet
WY2011. Despite low flow conditions, fish monitor-
ing in the Yolo Bypass recorded record high catches
of adult and juvenile Delta Smelt and adult White
Sturgeon. Catches for both species were almost double
the previous record catches for the program. Frantzich
and co-authors note that the highest catches for Delta
Smelt in the program’s history have occurred during
relatively dry years. While the reason for this pattern is
not known, it is possible that habitat conditions in the
Yolo Bypass during these years are favorable to Delta
Smelt (e.g., high turbidity, suitable food source). Peak
White Sturgeon catch in WY2012 was closely linked
with spring flow pulses, strongly suggesting a migra-
tory response to increases in flow.

Additionally in the Status and Trends section, Lau-
ren Damon (DFW) reports on the 2012 20 mm Survey.
From March-June 2012, this survey collected over
50,000 fish with juvenile Delta Smelt making up 2%
of the total (1,077 fish). The first juvenile Delta Smelt
were caught in the end of March, indicating spawning
began in early March, and subsequent surveys indicated
an end to spawning in May. Larval smelt were found
in Suisun Marsh, Napa River, and the confluence. The
2012 juvenile Delta Smelt index was 11.1, which is the
eighth highest on record.

In a final Status and Trends article, Paul Buchanan
(USGS) details data on specific conductance and water
temperature in the San Francisco Bay for WY2008-
2010, collected for compliance with Order 10 of the
Water Rights Decision 1485. These data provide the
basis for validating many numerical models for the bay
that guide both development and restoration projects,
and are used for special studies to determine the effect
of flow diversions on salinity. Data are presented in
time-series graphs at five sites in the bay.

Did you know that quarterly highlights about
current [EP science can be found on the IEP
webpage along with a new calendar that displays
IEP Project Work Team and other IEP-related
public meetings? To view these features see the
links below:

http://www.water.ca.gov/iep/activities/calendar.cfm

http://www.water.ca.gov/iep/highlights/index.cfm
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CONTRIBUTED
PAPERS

Storm Water Discharges of Nutrients
from a Small Community in the
Sacramento-San Joaquin River Delta

Rachel Pisor (DES), Rachel.pisor@water.ca.gov

Introduction

Urbanization impacts are a major concern for entities
managing or receiving water from the Sacramento-San
Joaquin River Delta (Delta). Potentially adverse im-
pacts due to urbanization come from storm water run-
off, increases in waste water treatment plant discharges
and recreational uses. Storm water contains a variety of
contaminants resulting from vehicle maintenance wastes,
construction, fertilizers, pesticides, household hazardous
wastes, pet wastes, sediment washed off from impervious
surfaces, and other anthropogenic sources (Shaver et al.
2007). This study focuses on the impacts of storm water
runoff from the city of Lathrop, which had experienced
rapid urbanization until the housing market collapse in
2008. During this study, numerous drinking water quality
and ecological water quality constituents of concern were
monitored; however, the focus of this paper is on nitrogen
and phosphorus nutrients.

Nutrients are an essential part of a healthy ecosys-
tem, but adverse effects can occur when levels of nutri-
ents exceed natural background levels. In storm water,

a major source of nutrients is lawn and garden fertilizer.
Other sources of nutrients include atmospheric deposi-
tion, automobile exhaust, soil erosion, animal waste, and
detergents. Readily available nutrients, in combination
with environmental factors such as warm temperatures
and sunlight, can cause algal blooms which can clog up
water ways, impede light transmission, and consume oxy-
gen that would otherwise be available for fish and other
aquatic wildlife. Ammonia is of particular interest since
studies have shown that delta smelt (Hypomesus trans-

pacificus), an endangered species that is endemic to the
Delta, exhibits symptoms of toxicity from elevated levels
of ammonia/ammonium (Connon et al. 2011). Ammonia
may also inhibit diatom production which has the poten-
tial to reduce productivity, therefore affecting the food
chain detrimentally (Wilkerson et al. 2006, Dugdale et al.
2007). The US Environmental Protection Agency (EPA)
has developed draft acute and chronic criteria for am-
monia (EPA 2009). The criteria at pH 8 and 25 °C, when
mussels are absent, is 5.0 mg N/L (acute) and 1.8 mg N/L
(chronic).

In addition to ecosystem impacts, higher levels of nu-
trients may cause drinking water quality issues. The algal
blooms resulting from high nutrient levels can cause taste
and odor issues, can clog up filters, and can increase the
volume and cost of solid waste disposal at water treatment
facilities. Although the main concern with nutrients stems
from their ecological effects, there are goals for nitrate
concentrations based on its ability to cause methemoglo-
binemia (blue baby syndrome). The EPA has established a
maximum contaminant level (MCL) of 10 mg/L for nitrate
and 1 mg/L for nitrite which the Central Valley Regional
Water Quality Control Board has adopted. The EPA has
also developed reference conditions for total nitrogen
and total phosphorus for Ecoregion I, which includes the
Delta. These reference conditions are 0.31 mg/L for total
nitrogen and 0.47 mg/L for total phosphorus (EPA 2001).

The Delta provides drinking water for approximately
25 million Californians; therefore, it is necessary to ana-
lyze a broad scale of discharge effects in the system (Delta
Stewardship Council 2010). The majority of storm water
research pertains to impacts from large dischargers, and
there is limited information about the effects from smaller
dischargers like the city of Lathrop. As such, this study
focuses on the effects of Lathrop’s urban runoff during
storm events, when Lathrop primarily discharges. Special
attention was given to first flush events when it is com-
mon to see a higher concentration of contaminants being
discharged to the river. This paper focuses on ammonia,
nitrate, total nitrogen, orthophosphate and total phospho-
rus concentrations. Loads for ammonia, total nitrogen and
total phosphorus are also discussed.

Site Description

The City of Lathrop is located approximately 53 miles
south of Sacramento and 62 miles east of San Francisco.

IEP Newsletter



San Joaqu?ﬁ
River at Mossdale

Figure 1 Map of pump stations and regions
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The population of the city was 18,023 at the 2010 census.
This area is characterized by a Mediterranean climate with
cool, wet winters, and warm, dry summers. Due to the flat
topography of the area, Lathrop is prone to flooding from
the San Joaquin River which flows from the south to the
north as it enters the Delta. Due to its proximity to the
ocean, the river is weakly tidal in this area. During very
strong flood tides, the river can reverse direction, but it
primarily has a seaward flow.

The city manages its floodwaters with storm water
pumping stations and detention basins. The city has four
regions that each handle storm water runoff differently
(Figure 1). The Industrial Region and the Stonebridge
Region (a relatively new development) both have a deten-
tion basin and a pumping station. The Historic Region,
which represents the original town, has no in-ground
storm sewer. Runoff is collected in detention basins and is
then channeled to the Louise pumping station which then
pumps the water to the Historic pumping station on the
other side of town. The Historic pumping station is where
this study collected samples because it discharges directly
to the San Joaquin River. The Mossdale Residential Re-
gion is a new development and has five pumping stations
to handle the storm water. The area of the city of Lathrop
is approximately 21.9 mi? which is only 0.1% of the San
Joaquin River watershed (17,720 mi?) (SWAMP 2004).
Currently, 20% of Lathrop’s area is drained by the pump-
ing stations (4.35 mi?) although this will expand with
future development. The San Joaquin River watershed is
highly agricultural, with approximately 2.0 million acres
in agriculture. This agricultural area represents 23% of the
total irrigated acreage in California (SWAMP 2009). The
land uses of Lathrop are approximately 57% open space
or agricultural and 43% urban.

Lathrop is an ideal study site due to its small size and
location in the southern Delta. It also represents a simple
system; the city’s discharge is the only discharge in the
local stretch of the San Joaquin River. Although the dis-
charge from Lathrop is small, its effects on Delta drinking
water quality have the potential to be significant due to
Lathrop’s location.

Materials and Methods

Sampling for this study took place over two rainy sea-
sons, from October 2010 through September 2012. Data
were collected during first flush and major storm events

where a threshold of 0.5 inches of precipitation occurred
within a 24 hour period. The 0.5 inch threshold was used
as a guideline, and some smaller storms were sampled.
While sampling events were geared toward major storm
events, not all major events were sampled due to inaccu-
racies in weather forecasting. Over the course of the two
seasons, 10 storm events were sampled (Figure 2).
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Figure 2 Precipitation and sample dates, seasons 1 and 2

Flow data was collected to allow for the calculation of
nutrient loads (the mass of the nutrient in the system). San
Joaquin River flow data was obtained from the California
Department of Water Resources (DWR). Flow estimates
from the city pumping stations were obtained from MCC
Control Systems, Inc. (MCC) and were approximated
from pumping volumes.

Samples were collected from the San Joaquin River
and from the eight pumping stations that discharge di-
rectly to the river. Samples collected from the San Joaquin
River were collected as grab samples and represent a
snapshot in the middle of the storm. These samples were
collected upstream of Lathrop’s discharges and were col-
lected during an ebb tide to ensure a sample representa-
tive of the background quality of the San Joaquin River.
Autosamplers were used to collect samples from the city
pumping stations throughout a storm event. Autosamplers
were connected to Lathrop’s Supervisory Control and
Data Acquisition (SCADA) system which monitors the
pumps. When the pumps started pumping due to an inflow
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of storm water, they triggered the autosamplers to start
sampling. Occasionally there were signal errors between
the SCADA system and autosamplers, resulting in a lost
sample. Sometimes a sampler would not collect enough
sample water to process all constituents due to an under-
estimation of how much a pump would discharge during
the storm. This lack of sample water resulted in variation
of how many samples were collected from each pump
station.

All samples were analyzed for dissolved ammonia,
Kjeldahl nitrogen, nitrate, nitrate plus nitrite, orthophos-
phate, and total phosphorus. Total nitrogen was calculated
as the sum of Kjeldahl nitrogen, nitrate, and nitrite.

Loads were analyzed for ammonia, total nitrogen and
total phosphorus as a function of flow and TOC con-
centration. The load for the San Joaquin River was an
instantaneous load; the median river flow for the storm
was multiplied by the concentration of the grab sample
taken at the San Joaquin River at Mossdale. Loads for
the pumping stations used the pump data collected from
the storm water pumps. These pumps operate sporadi-
cally, turning on when a set level of water in the well is
reached, and turn off when the water drops below a set
level. Because this flow rate is not constant, the load is
calculated as the gallons of water pumped over the course
of the storm. To ensure comparability of load between the
pumping stations and the river, the San Joaquin River load
was then multiplied by a conversion factor to approximate
the total load discharged from the river during the storm.

Results
Ammonia Concentrations

For seasons 1 and 2, the concentrations on the San
Joaquin River were significantly lower than the combined
city pumping station concentrations (Mann-Whitney,
p=0.001). One sample was below the reporting limit; half
of the reporting limit was used in the test. The median
values for the city pumping stations over the two sea-
sons ranged from 0.31 mg/L to 0.65 mg/L. The range of
concentrations from the city pumping stations was 0.01
mg/L to 2.4 mg/L. Over the two seasons, the concentra-
tions from the Industrial station were relatively low, and
the concentrations in the Mossdale residential region were
somewhat variable (Table 1). The concentrations from the
Historic station were generally higher, with an unusually

high outlier of 2.4 mg/L as nitrogen (mg/L as N). This
station serves the historic part of the city, which does not
have a built-in storm sewer system and serves the largest
area of all the pumping stations. The cause for this high
concentration is potentially due to a residential fertilizer
application just prior to the storm event in the historic re-
gion of the city. City of Lathrop staff confirmed that there
was no ammonia-containing spill that could have con-
tributed to this high concentration (Milt Daley personal
communication, see “notes”).

Table 1 Summary statistics for dissolved ammonia, seasons
1and 2, in mg/L as N

Station sa-’r::)alles Mean Median Min Max SZ/';;‘%Z
M1 8 0.32 0.31 0.09 0.68 0.19
M2 10 0.42 0.41 0.04 0.77 0.25
M3 10 0.52 0.42 0.23 1.00 0.26
M5 4 0.51 0.48 0.36 0.73 0.16
M6 8 0.33 0.32 0.16  0.58 0.14
Historic 9 0.78 0.65 0.19 240 0.64
Industrial 7 0.30 0.32 0.01 0.46 0.14
SJR at

Mossdale 10 0.03 0.02 <RL. 007 0.02

When the concentrations were analyzed by year, the
concentrations on the San Joaquin River at Mossdale were
significantly lower than the concentrations of the city
pumping stations for both years (Mann-Whitney, p<0.001
for season 1, p=0.002 for season 2). There was no statisti-
cal difference in the city pumping stations or in the San
Joaquin River concentrations between years, even though
one year was classified as wet, and the other dry. The
patterns between the pumping stations were very similar
for all of the stations, except for the outlier previously
mentioned at the Historic station in season 2. Trends for
ammonia over the two seasons are unclear. In season 1,
ammonia concentrations showed evidence of a first flush
effect in which the first storm sampled had the highest
median concentration; however, this was not the case for
season 2.

Ammonia Loads
Ammonia loads during storm events in season 1 were

quite variable (Table 2). In season 1, most loads from
Lathrop made up less than 6% of the total load on the San
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Joaquin River. The exception was during the 11/20/2010
storm event in which Lathrop made up 14.7% of the riv-
er’s total load. A comparison of ammonia concentrations
between the stations showed that Lathrop’s concentrations
during the 11/20/10 event were not abnormally high. For
example, during the 11/7/10 event, many of the pump-
ing stations had higher concentrations than during the
11/20/10 event. However, during the 11/20/10 event, the
storm was nearly twice the volume of the 11/7/10 event,
and Lathrop discharged approximately twice of what it
did during the 11/7/10 event. Therefore, the increased
discharge from Lathrop is responsible for the increase in
load. This was coupled with low flows and, consequently,
low load on the San Joaquin River.

During the second season, the ammonia loads were
generally higher for each storm (Table 2). During the first
flush event of the second season, the ammonia concentra-
tion on the San Joaquin River was below the reporting
limit. As a result, Lathrop may have contributed most of
the ammonia in the system during that storm. This in-
crease in loads during season 2 is likely due to the effects
of a dry water year as season 1 was during a wet year. In
season 2, the flows were generally lower, and the San Joa-
quin River generally carries a low ammonia load. The low
background ammonia load in the San Joaquin River may
be due to bacteria converting ammonia to nitrate in the
water. For both seasons, all concentrations sampled at the
pumping stations were below the draft acute and chronic
criteria developed by the EPA for water bodies that do not
contain mussels, with the exception of the sample from
the Historic station that was 2.4 mg/L as N.

Dissolved Nitrate

For dissolved nitrate, there were no statistical differ-
ences between the San Joaquin River and the city pump-
ing stations in seasons 1 or 2 (Table 3). In fact, the San
Joaquin River at Mossdale samples had relatively higher
concentrations than several of the city pumping stations
(Table 3). With the exception of the M1 station, the Moss-
dale residential stations and the Historic station all had
relatively low concentrations of nitrate. The medians for
all stations ranged from 2.4 mg/L as N to 5.6 mg/L as N
and the overall range of concentrations was from 1.2 mg/L
as N to 16.6 mg/L as N.

There was no statistical difference in concentra-
tions between seasons 1 and 2; however, the patterns

between the two years have some differences (Table 3).
The concentrations on the San Joaquin River at Mossdale
increased slightly from season 1 to season 2. The M1 and
Industrial stations had some elevated concentrations from
season 1 to season 2 although the maximum concentra-
tions for these stations did not reflect this. The M1 station
still had the largest range of all stations. There were no
seasonal trends for dissolved nitrate.

Table 2 Ammonia loads (in kg discharged per storm), sea-
sons 1 and 2

Date of Storm Event- Season 1

Station 11/7/10 11/20/10 12/18/10 3/19/11 3/24/11 6/5/11

M1 N/A 3.12 0.81 0.58 1.12 0

M2 2.00 5.78 3.14 1.93 2.90 0.76

M3 1.33 2.31 1.10 1.33 1.12 0.82

M6 0.19 N/A 0.26 0.24 0.30 0.15

Historic 2.07 5.07 3.10 N/A 1.20 6.18

Industrial N/A 7.78 5.78 0 0 1.70

SJR at

Mossdale  89.72 139.47 639.72 .63 2,263.03 439.62

Lathrop’s

% 5.9% 14.7% 2.2% <1% <1% 2.1%

Lathrop’s

total 5.59 24.06 14.19 4.07 6.68 9.60
Date of Storm Event- Season 2

Station 10/5/11 1/20/11 3/14/12 3/24/12

M1 1.48 2.14 1.34 0.28

M2 0.28 3.28 1.87 391

M3 1.21 10.79 1.09 0.38

M5 0.49 3.07 0.51 0.35

M6 0.24 0.44 0.24 0

Historic 5.60 7.64 2.01 1.47

Industrial 0.23 7.74 <0.01 0.10

SJR at

Mossdale  <R.L. 313.85 50.72 36.55

Lathrop’s

% N/A 10.1% 12.2% 15.1%

Lathrop’s

total 9.54 35.12 7.07 6.49

Note: A “0” load means the station did not discharge. N/A means

the autosampler did not sample or that there was a communication
problem with the SCADA resulting in no sample and pump data. <R.L.
indicates the concentration was below the reporting limit. Load from the
pump stations is listed as total kilograms discharged during the storm.
Load at the SJR at Mossdale station is calculated as an instantaneous
load and is converted to kilograms discharged during the storm.
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Table 3 Summary statistics for dissolved nitrate seasons 1 stations ranged from 0.62 mg/L as N to 11.20 mg/L as N
and 2,as mg/L as N (Table 4). These concentrations are significant compared

Seasons 1 and 2 to the recommended EPA criteria for total nitrogen of 0.31
Station Nsuan’::;elggf Mean Median Min Max g;i?;?g: mg/L as N (EPA, 2001).
M1 8 70 49 23 166 58
M2 10 6.7 56 29 123 36 Table 4 Summary statistics for total nitrogen, seasons 1 and
M3 10 3.0 24 12 88 2.2 2,as mg/L as N
M5 4 26 26 17 38 0.9 Seasons 1 and 2
riit oric 2 2; zg 12 2: (1): Station Nsuan;:;,elggf Mean Median Min Max g;av’;:t?c:z
Industrial 7 5.8 5.1 25 106 31 M1 8 2.66 2.02 152 570 1.46
SJR at M2 10 432 285 188 1120 338
Mossdale 4 54 5.6 1.8 106 3.3 M3 10 313 177 062 957 338
Season 1 M5 4 348 186 148 873 351
M1 4 67 46 23 154 60 M6 8 172 166 110 239 049
M2 6 82 86 38 123 38 Historic 9 623 453 178 1120 400
M3 6 120 12 88 2.9 Industrial 7 212 210 110 320 076
M6 5 30 29 20 39 0.9 SIR af
Historic 5 38 46 15 58 22 Mossdale 4 159 150 049 340 090
Industrial 3 55 35 25 106 44 Season 1
SJR at M1 4 232 188 152 400 114
Mossdale 6 34 21 18 90 3.1 M2 6 419 340 206 987 291
Season 2 M3 6 267 142 062 942 334
M1 4 7249 25 166 64 M6 5 172 185 110 224 050
M2 4 44 40 29 64 1.6 Historic 5 548 300 178 1040 433
M3 4 29 25 23 44 1.0 Industrial 3 201 172 110 320  1.08
M5 4 26 26 17 38 0.9 SIR af
M6 3 22 20 18 28 0.5 Mossdale 6 118 101 049 210 069
Historic 4 30 27 19 48 13 Season 2
Industrial 4 59 60 29 89 25 M1 2 299 232 163 570 185
SJR at M2 4 451 248 188 1120 448
Mossdale 4 73 69 48 106 24 "3 A 283 200 176 957 383
M5 4 348 186 148 873 351
M6 3 172 146 130 239 059
Total Nitrogen Historic 4 7.18 7.18 3.15 11.20 3.93
Industrial 4 221 225 144 290 061
Total Nitrogen was calculated as a sum of Kjeldahl f/IJoF:sa(‘jtal R 4 290 205 130 340 0.92

nitrogen and dissolved nitrate plus nitrite. Total nitrogen
samples for seasons 1 and 2 from the San Joaquin River
at Mossdale were significantly lower than samples taken
at the city pumping stations (Table 4; Mann-Whitney,
p=0.011). Overall, the M6 pumping station and the In-
dustrial station had low concentrations. There was much
variability throughout the other stations in the Mossdale
residential region, and the Historic station also had a wide
range of concentrations. The median city pumping station
concentrations ranged from 1.66 mg/L as N to 4.53 mg/L
as N. The range of concentrations for the city pumping

There was no significant difference in total nitrogen
concentrations between seasons 1 and 2. In season 1,
the San Joaquin River at Mossdale concentrations were
significantly lower than the city pumping station concen-
trations (Mann-Whitney, p=0.009); however, they were
not significantly different in season 2. The reason why
the second season did not show a significant difference in
concentrations between the city pumping stations and the
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San Joaquin River may be due to the small sample size,
but it is also likely that it is a result of wet year versus dry
year effects. The overall pattern of data between season 1
and 2 is similar, although the M2 and M3 stations had a
much broader data distribution in season 2 (Figures 3 and
4). The M5 station was not sampled in season 1 due to
forecasting issues and problems with the signal between
the SCADA system and autosampler. However, in season
2, the M5 station was sampled and had wide range of con-
centrations (Table 4). Although there were no significant
trends for nitrate, and unclear trends for ammonia, there
was a decreasing trend for total nitrogen concentrations,
indicating a first flush effect. In each season, the first
storm event sampled had medians that were significantly
higher than those in the following storms.

Total Nitrogen (mg/L as N)
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Figure 3 Boxplot of total nitrogen for season 1

Total Nitrogen Loads

Although the concentrations for the city of Lathrop
were significantly higher than the San Joaquin River for
season 2, and for seasons 1 and 2 combined, the city did
not contribute a significant load to the San Joaquin River
(Table 5). For season 1, the city’s portion of the total ni-
trogen load on the San Joaquin River was less than 1% for
all storms. In season 2, the city’s total nitrogen concentra-
tions were not significantly different from those sampled
on the San Joaquin River, and the total load contributed
by the city was also insignificant. With the exception of
the first flush event in season 2 in which the city contrib-

uted 1.5% of the total load on the San Joaquin River, the
city contributed less than 1% of the load throughout the
storm season.
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Figure 4 Boxplot of total nitrogen for season 2

Orthophosphate

Orthophosphate concentrations for seasons 1 and 2 on
the San Joaquin River were significantly lower than those
in the city pumping stations (Mann-Whitney, p=0.047).
The samples from the San Joaquin River at Mossdale had
a reasonably large range of values that overlapped many
of the city pumping stations values. Of all the city pump-
ing stations, the Historic station had the widest variability.
The median values for the city pumping stations ranged
from 0.07 mg/L as P to 0.16 mg/L as P and the range of
city pumping station concentrations was from 0.03 mg/L
as P to 0.27 mg/L as P (Table 6).

There was no significant difference in orthophosphate
concentrations between seasons 1 and 2. In season 1,
the San Joaquin River at Mossdale concentrations were
significantly lower than the city pumping station samples
(Mann-Whitney, p=0.015). There was no significant
difference in concentrations between the city pumping
stations and the San Joaquin River at Mossdale station
for Season 2; however, the patterns of the data were quite
different between seasons. The concentrations for the San
Joaquin River at Mossdale increased from season 1 to
season 2 (Table 6). The Mossdale residential region data
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was more tightly clustered in season 1 than season 2. As Table 6 Summary statistics orthophosphate, seasons 1 and
a result, the data appears to show more variation for the 2,as mg/L as P

region. The Historic station changed the most from season Seasons 1and 2

1 to 2, showing a much wider range of concentrations in Station Numberof . Median Min Max >tandard

season 2. The Industrial station did not show significant samples Deviation

change from season 1 to 2 (Figures 5 and 6). These differ- M1 8 017 016 012025 004
. M2 10 0.12 0.12 0.06 0.18 0.04
ences in data between seasons 1 and 2 may be due to wet
.. M3 10 0.07 0.07 0.03 0.10 0.02
versus dry water year effects. There were no significant
trends over the two year period Ms 4 0.09 009 006 012 0.03
v WO year perioc. M6 8 013 041 009 021  0.04
Table 5 Total nit load (in kg disch d ¢ ) Historic 9 0.15 0.14 0.06 0.27 0.08
able 5 Total nitrogen load (in ischarged per storm
9 g geap Industrial 7 042 043 006 017  0.04
Season 1-Date of Storm Event SJR at
. v Mossdale 4 0.09 0.08 0.02 017 0.05
Station 11/7/10 11/20/10 12/18/10 3/19/11 3/24/11 6/5/11
Season 1
M1 N/A 12.80 4.27 6.34 49.77 0
M1 4 0.15 0.16 012 0.18 0.03
M2 27.05 32.89 15.41 16.44 67.57 9.48
M2 6 0.11 0.12 0.08 0.15 0.03
M3 13.34 6.48 3.29 5.50 3.12 2.94
M3 6 0.07 0.07 0.03 0.10 0.02
M6 0.85 N/A 1.91 1.08 2.92 0
o M6 5 0.14 0.12 0.09 0.21 0.05
Historic 31.77 38.01 16.31 N/A 11.32 1.24 o
) Historic 5 0.16 0.16 0.06 027 0.11
Industrial N/A 18.58 24.85 0 0 91.81 .
Industrial 3 0.11 0.13 0.06 0.15 0.05
SJR at
Mossdale 942037 1324968 1567335 2823499 3911806 2781577  SJRat
Mossdale 6 0.07 0.07 0.02 0.12 0.03
Lathrop’s
percentage <1% <1% <1% <1% <1% <1% Season 2
Lathrop's M1 4 018 047 014 025 005
total 73.00 108.76 66.04 29.44 134.70 126.27 M2 4 0.13 0.13 0.06 0.18 0.05
M3 4 0.07 0.08 0.03 0.10 0.03
Season 2- Date of Storm Event M5 4 0.09 0.09 0.06 0.12 0.02
Station 10/5/11  1/20/12  3/14/12 3/24/12 M6 3 0.12 0.10 0.10 0.7 0.04
M1 164.76 17.70 17.01 1.82 Historic 4 0.14 0.14 0.12 0.18 0.03
M2 44.67 12.36 14.98 42.61 Industrial 4 0.12 0.13 0.06 0.17 0.05
M3 14.74 24.82 6.32 2.05 SJR at
M6 1.87 1.53 1.27 N/A
HIStorI(?, 46.37 20.85 15.94 5.52 Total Phosphorus
Industrial 156.92 215.38 0.04 1.76
S/Iizsa(ljtale 9750310 5727745 3296873 1291426 For seasons 1 and 2 combined, the concentrations
Lathrop’s on the San Joaquin River at Mossdale were significantly
percentage 1.5% <1% <1% <1% lower than the concentrations sampled from the city
Lathrop’s pumping stations (Mann-Whitney, p=0.001). There was
total 43315  305.25 58.55  55.01 much variability in concentrations throughout the Moss-
Note: A “0” load means the station did not discharge. N/A means the dale Residential Region (M stations) with M2 and M3
agtosampler did not sa?mp.le or there was a communication problem having the widest range of concentrations (Table 7)' The
with the SCADA resulting in no sample and pump data. Load from the . .
pump stations was calculated as total kilograms discharged during M3 station also had the lowest concentration of all sta-
the storm. Load at the SJR at Mossdale station was calculated as an tions. Samples collected from the M6 and Historic stations

instantaneous load and was converted to total kilograms discharged

during the storm. were generally high. The Industrial station concentrations

were generally in the middle of the range of all concentra-
tions. The median concentrations for the city pumping
stations ranged from 0.14 mg/L as P to 0.37 mg/L as P.
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The median of 0.14 mg/L as P was lower than that of the
San Joaquin River (0.16 mg/L as P), showing that the San
Joaquin River concentrations were not dramatically lower
than those in the city pumping stations. The overall range
of concentrations was from 0.05 mg/L as P to 0.48 mg/L
as P. These concentrations are relatively low and generally
under the EPA criteria of 0.47 mg/L as P.
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Figure 5 Boxplot of Orthophosphate for Season 1

Unlike orthophosphate, there was a significant differ-
ence in total phosphorus concentrations between season 1
and season 2, with season 1 concentrations being sig-
nificantly lower than season 2 samples (Mann-Whitney,
p=0.016). There was a significant difference in total
phosphorus concentrations between the San Joaquin River
and the city pump stations in season 1 (Mann-Whitney,
p=0.009), but not for season 2. The data patterns also
differed slightly from season 1 to 2 (Figures 7 and 8).

In season 1, the data for each station was more tightly
clustered and there was more variation between stations.
In season 2, the data for each station was more spread
out, the concentrations at the M3 and Industrial stations
increased, and there was more overlap of concentrations
from the city pumping stations with the San Joaquin River
at Mossdale concentrations. Except for the Industrial sta-
tion, all medians for the stations increased from season 1
to season 2. The ranges also increased between seasons

1 and 2 (Table 7). These differences in water quality may
be due to wet water year (season 1) versus dry water year
(season 2) effects. There was also a slight trend in both
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seasons for total phosphorus, with higher concentrations
during the first storm of each season. This result indicates
that there was a first flush effect.
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Figure 6 Boxplot of Orthophosphate for Season 2
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Figure 7 Boxplot of total phosphorus for season 1

Total Phosphorus Load

The San Joaquin River had total phosphorus concen-
trations that were significantly lower than the city stations
for season 1, and seasons 1 and 2 combined; however,
the levels did not significantly impact the total load on
the San Joaquin River. In season 1, Lathrop contributed
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a maximum of 1% of the total load on the river for every
storm sampled. In season 2, Lathrop contributed 2.7%
during the first storm and 1.5% during the second storm,
but contributed less than 1% for the remaining storms in
the season (Table 8). It is likely that Lathrop contributed
more in the first two storms because they were both flush
events. The 10/5/2011 storm (season 1) was the first storm
after a long, dry summer. The storm on 1/20/2012 was
also preceded by a long dry period.
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Figure 8 Boxplot of total phosphorus for season 2

Discussion
Ammonia Concentrations

Throughout this study, the median concentration on
the San Joaquin River at Mossdale was 0.04 mg/L as N,
and the maximum concentration was 0.07 mg/L as N.
These concentrations were very comparable to what was
sampled in the Steelhead Creek Study (DWR 2008). The
median concentration in Steelhead Creek during storm
events sampled was 0.04 mg/L. These concentrations
were also comparable to the storm water samples that the
Sacramento Cooperative Monitoring Program (Sacra-
mento CMP) collected on the Sacramento River. Of the
four storm events sampled in the 2011-2012 wet season,
the means were all 0.04 mg/L with the exception of the
2/29/2012 sampling event in which ammonia sampled at
Veteran’s Bridge was 0.15 mg/L, and the concentration
at Freeport was 0.18 mg/L (medians for the Sacramento
CMP were not reported).
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Table 7 Summary statistics for total phosphorus, seasons 1
and 2, as mg/L as P

Seasons 1 and 2

Number

Station of Mean Median Min Max Star?da_rd
samples Deviation

M1 8 0.27 0.26 0.17 0.39 0.07
M2 10 0.29 0.26 015 048 0.10
M3 10 0.16 0.14 0.05 0.36 0.08
M5 4 0.20 0.16 015 0.34 0.09
M6 8 0.38 0.38 0.28 0.46 0.07
Historic 9 0.38 0.35 0.27 048 0.07
Industrial 7 0.26 0.26 0.12 045 0.11
SJR at

Mossdale 10 0.16 0.17 0.06 0.26 0.07

Season 1

M1 4 0.23 0.25 017 0.26 0.04
M2 6 0.26 0.25 0.15 0.39 0.08
M3 6 0.13 0.14 0.05 0.18 0.04
M6 5 0.35 0.36 0.28 044 0.07
Historic 5 0.38 0.35 0.32 048 0.07
Industrial 3 0.18 0.15 012 0.26 0.07
SJR at

Mossdale 6 0.13 0.14 0.06 0.19 0.06

Season 2

M1 4 0.31 0.31 0.22 0.39 0.07
M2 4 0.33 0.31 023 048 0.11
M3 4 0.21 0.18 013 0.36 0.10
M5 4 0.21 0.17 015 0.34 0.09
M6 4 0.40 0.41 0.32 046 0.07
Historic 4 0.38 0.39 0.27 045 0.09
Industrial 4 0.33 0.32 022 045 0.09
SJR at

Mossdale 4 0.20 0.20 012 0.26 0.06

Concentrations from the city pumping stations in
Lathrop had medians that ranged from 0.31 mg/L as N to
0.65 mg/L as N. These concentrations were comparable
to concentrations found by the California Urban Water
Agencies (CUWA) in their Urban Runoft Source Con-
trol Evaluation (CUWA 2011). In the evaluation, CUWA
analyzed data collected from four drainage areas in the
Sacramento Area (Strong Ranch Slough, sump 104, sump
111, and Natomas Basin). These areas drained a total of
approximately 6,400 acres. Strong Ranch Slough drained
mixed land uses, sump 104 drained primarily light indus-
trial land uses, sump 111 drained industrial lands, and the
Natomas basin drained primarily residential lands. The
medians of the wet weather events for each of these areas
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were generally higher than those from the city pump-
ing stations. The median ammonia concentrations from
CUWA’s evaluation ranged from 0.40 mg/L as N to 0.60
mg/L as N.

Table 8 Total phosphorus load (in kg discharged per storm)

Season 1-Date of Storm Event

Station  11/7/10 11/20/10 12/18/10 3/19/11 3/24/11 6/5/11
M1 N/A 1.82 0.67 0355 3.24 0
M2 1.07 2.33 1.94 1.07 5.07 0.55
M3 0.25 043 0.39 0.41 0.25 0.34
M6 0.15 N/A 0.38 0.28 0.60 0.27
Historic 1.30 443 2.36 N/A 2.04 4.24
Industrial N/A 253 1.73 0 0 1.70
SJR at
Mossdale 583.16  1,18550  1,919.19 5647.00 6,142.51 2,877.49
Lathrop’s
percentage <1% 1% <1% <1% <1% <1%
Lathrop’s
total 2.78 11.54 7.48 2.31 11.19 7.08

Season 2- Date of Storm Event

Station  10/5/11 1/20/12  3/14/12 3/24/12
M1 3.87 1.07 113 0.16
M2 3.35 1.49 1.22 2.00
M3 1.21 2.05 0.40 0.11
M5 0.34 0.68 0.23 0.1
M6 0.30 0.35 0.26 0.08
Historic 4.35 3.82 2.85 0.50
Industrial 5.08 10.89 <0.01 0.11
SJR at
Mossdale 689.83 1,333.86  1318.75 29240
Lathrop’s
percentage  2.7% 1.5% <1% <1%

Lathrop’s
total 18.5 20.35 6.10 3.06

Note: A “0” load means the station did not discharge. N/A means the
autosampler did not sample or there was a communication problem
with the SCADA resulting in no sample and pump data. Load from the
pump stations was calculated as total kilograms discharged during
the storm. Load at the SJR at Mossdale station was calculated as an
instantaneous load and was converted to total kilograms discharged
during the storm.

Lathrop’s concentrations were also compared with
seven drainage areas monitored in the 2011-2012 wet
season for the Los Angeles Phase I NPDES permit (Los
Angeles County 2012). These areas drained a total of
1,318,400 acres. Like the CUWA evaluation, the Los
Angeles median values overlapped those of Lathrop (0.31
mg/al as N to 0.65 mg/L as N). The wet weather median
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values collected for the NPDES permit ranged for 0.16
mg/L as N to 0.94 mg/L as N.

The result of comparing ammonia concentrations
sampled during the Lathrop study with other studies
shows that although Lathrop does discharge a consid-
erable amount of ammonia to the San Joaquin River
during storm events; however, the concentrations are
not significantly higher than those seen for other stud-
ies in the Central Valley or Los Angeles. The exception
to this was the 2.4 mg/L as N sample collected from the
Historic station.

Dissolved Nitrate

When the San Joaquin River nitrate concentrations
were compared to those of the Sacramento River col-
lected by the Sacramento CMP, the San Joaquin River
concentrations were elevated. The Sacramento River
concentrations ranged from 0.04 mg/L as N to 0.54 mg/L
as N whereas the San Joaquin River concentrations ranged
from 1.8 mg/L as N to 10.6 mg/L as N. This difference in
concentration between the two rivers is largely due to the
increased amount of agriculture lands that the San Joaquin
River drains. Agricultural drainage contains more nutri-
ents such as nitrate due to fertilizer use (EPA 2005).

Lathrop concentrations were slightly low in com-
parison to those collected in the Steelhead Creek study
(DWR 2008). Samples collected during storm events in
the Steelhead Creek study had a mean of 5.0 mg/L as N,

a median of 4.2 mg/L as N, and ranged from 1.8 mg/L as
N to 22.8 mg/L as N. Lathrop concentrations had means
ranging from 2.6 mg/L as N to 7.0 mg/L as N, medians
from 2.4 mg/L as N to 5.6 mg/L as N, and the range of all
concentrations was from 1.2 mg/L as N to 16.6 mg/L as
N. The median concentrations analyzed in the CUWA ur-
ban sources evaluation were very similar to those sampled
in Lathrop (CUWA 2011). The medians in the CUWA
evaluation ranged from 0.45 mg/L as N to 2.2 mg/L as

N. Lathrop’s concentrations were also comparable when
compared to the samples collected by Los Angeles for the
Phase I NPDES permit (Los Angeles County 2012). The
concentrations during the 2011-2012 wet season had me-
dians that ranged from 0.85 mg/L as N to 3.0 mg/L as N.
These comparisons show that Lathrop’s nitrate discharge
concentrations were not unusually high compared to other
studies throughout California; however, the concentra-
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tions were not necessarily low. Approximately 10% of
the samples (7 samples) over the course of the study had
nitrate concentrations that exceeded the EPA MCL of 10
mg/L as N.

Total Phosphorus

Lathrop’s total phosphorus concentrations were
similar to other studies throughout California. The San
Joaquin River had significantly lower concentrations
throughout the study. In comparison to samples taken
on the Sacramento River by the Sacramento CMP, the
San Joaquin River concentrations were higher. The San
Joaquin River concentrations ranged from 0.06 mg/L as P
to 0.26 mg/L as P. All the storm samples collected on the
Sacramento River were less than 0.06 mg/L as P with the
exception of one 0.53 mg/L as P sample. These differenc-
es in total phosphorus concentrations reflect differences
in water quality between the Sacramento and San Joaquin
Rivers. The San Joaquin generally has higher phosphorus
concentrations as a result of agricultural fertilizers.

Lathrop’s discharge concentrations were comparable
to other studies throughout California. Lathrop’s median
concentration of 0.26 mg/L as P was lower than the medi-
an concentration of 0.34 mg/L as P in the Steelhead Creek
Study (DWR 2008). Lathrop’s median concentration of
0.26 mg/L as P was comparable to the means of the 4
drainage areas evaluated in CUWA’s urban runoff sources
and control evaluation (CUWA 2011). The means of these
four drainage areas ranged from 0.26 mg/L as P to 0.54
mg/L as P. Lathrop’s concentrations were also comparable
to storm samples collected for the Los Angeles NPDES
annual report for 2010-2011 (Los Angeles County 2012).
Los Angeles median concentrations ranged from 0.15
mg/L as P to 0.43 mg/L as P as compared to Lathrop me-
dian ranges for all station of 0.26 mg/L as P to 0.46 mg/L
as P. These comparisons illustrate that Lathrop’s discharge
concentrations are not unusually high as compared to
other studies in the state.

Conclusion

Dissolved ammonia concentrations on the San Joa-
quin River were significantly lower than those of the city
pumping stations. The Historic station had generally high-
er concentrations, and had an unusually high concentra-
tion of 2.4 mg/L as N. A first flush effect was observed in
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season 1, but was unclear in season 2. In season 1, Lath-
rop’s ammonia loads generally made up less than 6% of
the total load of the San Joaquin River with the exception
of one storm event in which the city contributed 14.7% of
the total load. This high load contribution was due to low
flows on the San Joaquin River and high discharge flows
from the city pumping stations during the storm. In season
2, loads were generally higher than in season 1. This dif-
ference was likely due to the lower river flows in season 2
which were the result of a dry water year.

For dissolved nitrate, the San Joaquin River concen-
trations were not significantly lower than the concentra-
tions from the city pumping stations. There were no sta-
tistical differences in the concentrations between seasons
1 and 2; however, median concentrations increased at the
San Joaquin River at Mossdale, M1 and Industrial sta-
tions.

Total nitrogen concentrations for seasons 1 and 2
combined at the San Joaquin River at Mossdale were
significantly lower than those of the city pumping stations
for total nitrogen. There was no statistical difference in
concentrations between seasons, however the San Joaquin
River at Mossdale samples were significantly lower than
the pumping station samples in season 1, but not in season
2. This difference is likely due to wet versus dry water
year effects or due to a small sample size. A first flush
effect was seen in both seasons. Total nitrogen loads were
less than 1% of the total San Joaquin River load with the
exception of the first flush event in season 2 when Lath-
rop contributed 1.5% of the total nitrogen load on the San
Joaquin River.

For both orthophosphate and total phosphorus, the
San Joaquin River concentrations were significantly lower
than those of the city pumping stations. The difference in
distribution of the orthophosphate data between seasons
1 and 2 is likely due to wet year versus dry year effects.
Season 1 concentrations for total phosphorus were signifi-
cantly lower than those in season 2, which is also likely
due to wet year versus dry year effects. Total Phosphorus
load for all storm events was less than 3 percent. Total
phosphorus also had year-to-year trends that showed evi-
dence of a first flush effect.

Ammonia, nitrate, and total phosphorus concentra-
tions were compared with those of other storm water
studies throughout California. Lathrop’s concentrations
were consistently similar in comparison to other regions
in the state.
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LeAnne Rojas (DWR), Leanne.Rojas@water.ca.gov,
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Introduction

Largely supported by IEP, DWR has operated a
fisheries and invertebrate monitoring program in the Yolo
Bypass since 1998. The project has provided a wealth
of information regarding the significance of seasonal
floodplain habitat to native fishes. Basic objectives of the
project are to collect baseline data on lower trophic levels
(phytoplankton, zooplankton and aquatic insects), juvenile
fish and adult fish, hydrology and physical conditions. As
the Yolo Bypass has been identified as a high restoration
priority by the National Marine Fisheries Service Biologi-
cal Opinions for Delta Smelt (Hypomesus transpacificus),
winter and spring-run Chinook Salmon (Oncorhynchus
tshawytscha), and by the Bay Delta Conservation Plan
(BDCP), these baseline data are critical for evaluating
success of future restoration projects. In addition, the data
have already served to increase our understanding of the
current role of the Yolo Bypass in the life history of native
fishes, and its ecological function in the San Francisco
Estuary. Key findings include: (1) Yolo Bypass is a major
factor regulating year class strength of splittail, Pogonich-
thys macrolepidotus (Sommer et al., 1997; Feyrer et al.,
2006; Sommer et al., 2007a); (2) Yolo Bypass is a key
migration corridor for adult fish of several listed and sport
fish (Harrell and Sommer 2003); (3) it is one of the most
important regional rearing areas for juvenile Chinook
Salmon (Sommer et al., 2001a; 2005); and (4) Yolo By-
pass is a source of phytoplankton to the food web of the
San Francisco Estuary (Jassby and Cloern 2000; Schemel
et al., 2004; Sommer et al., 2004).
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This report describes the fisheries sampling effort for
the 2012 water year (October 1, 2011 — September 30,
2012), as well as a summary of the fisheries catch by spe-
cies and gear type. The 2011-12 sampling period yielded
significantly high numbers of Delta Smelt and White
Sturgeon (Acipenser transmontanus), as well as elevated
fall chlorophyll-a concentrations.

Methods

Since 1998, juvenile fish have been sampled with an
8 foot rotary screw trap located in the Toe Drain approxi-
mately nine miles south of the Lisbon Weir (Figure 1) for
up to seven days a week during the months of January —
June. In WY2012, the rotary screw trap was operated con-
sistently five days a week for the entire sampling period
without any restrictions from high flows or heavy debris
(Figure 2). For the rotary screw trap, it is possible to cre-
ate rough estimations of the sampling time (total hours
based on set and pull times) in order to calculate catch per
unit effort (CPUE). At this time, volume of water sampled
is unknown.
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Figure 1 Map of Yolo Bypass
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Upstream migrating, large, adult fish in the Toe Drain
are monitored using a 10 foot fyke trap, designed after the
Department of Fish and Wildlife’s (DFW) fyke traps used
for sampling sturgeon and Striped Bass in the Sacramento
River. The fyke trap is operated up to seven days a week
during the months of October — June (Figure 2). The trap
is located ¥4 of a mile below Lisbon Weir and 13 miles
from the terminus of the Toe Drain (Figure 1).

We have supplemented the collection of small
adult and juvenile fish in the Yolo Bypass by conduct-
ing biweekly beach seine surveys at various site loca-
tions within the Toe Drain and a perennial pond on the
west side of the Bypass (Figure 1 and Figure 2). Weekly
sampling is conducted during inundation periods (such
as in water year 2011) at four site locations only acces-
sible during flood conditions (Figure 1). In the summer of
2010 the beach seine survey increased to include seven
additional stations, some above and below Lisbon Weir, to
capture at a higher resolution of the fish assemblage above
and below the weir. Dimensions of all beach seine hauls
are recorded, in order to calculate catch per unit volume of
water sampled.

To provide data on ambient water quality conditions,
field crews collect data on several water quality param-
eters including: temperature, conductivity, dissolved
oxygen, pH, and secchi depth. In spring 2012, the collec-
tion of turbidity was added to the routine water quality
parameters. Data loggers recording water temperature at
15 minute intervals are deployed at the rotary screw trap
(January — June only) and Lisbon Weir (year-round) in the
Toe Drain, and for comparison purposes, in the Sacramen-
to River at Sherwood Harbor, also year-round. In addition,
chlorophyll-a grab samples (to estimate phytoplankton
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biomass), zooplankton, larval fish, and invertebrate drift
samples are collected on a bi-weekly basis (weekly dur-
ing inundation) at the rotary screw trap and at Sherwood
Harbor.

Results and Discussion

The results for water year 2012 were highly influ-
enced by the dry winter and spring conditions in the Sac-
ramento Valley. The low precipitation reduced flows and
availability of floodplain habitat, altering the water quality
conditions and the fish species assemblage. Although
there were observed reductions in the catch totals of some
natives that are floodplain dependent (i.e. Sacramento
Splittail and Chinook Salmon), we also documented re-
cord catches for Delta Smelt and White Sturgeon.

Hydrology

The WY2012 had the lowest winter and spring
outflows since the inception of the monitoring program
(Figure 3). The Sacramento Valley experienced a below-
normal water year type in 2012 (based on Sacramento
Valley 40-30-30 water year index) and therefore created
very different hydrologic conditions within the Yolo
Bypass as compared to the previous wet water year type
in 2011 (CDEC, 2013). Average daily flow was 256 cubic
feet per second (cfs), based on Dayflow data for flow
estimates. The Dayflow flow estimates in the Yolo Bypass
are calculated using combined data from the Yolo Bypass
flow at Woodland, Fremont Weir spill, and South Putah
Creek flow (DWR, 2012) The Fremont Weir did not crest
in 2012, therefore the Yolo Bypass did not experience
widespread floodplain inundation. Although, based on
Lisbon Weir stage data (at stage >7.16 ft. the Toe Drain
overbanks) the Yolo Bypass did experience some local-
ized flooding during a few days in the spring months of
January, March and April. The maximum stage at Lisbon
Weir for 2012 was 7.81 ft. on January 24. The flows in the
Yolo Bypass in WY2012 experience an estimated peak
daily flow of 1,310 cfs on January 26 (Figure 2).

Water Quality
Water Temperature

The extreme hydrologic variability of the Yolo
Bypass, with its susceptibility to floodplain inundation,
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can cause significant differences in the water temperature
when compared with the Sacramento River. When the en-
tire Yolo Bypass is inundated, the wetted area of the Delta
is doubled (Sommer et al., 2001a), and this flooded habitat
is made up of large shallow (<2m) vegetation (Sommer,
2004a). The inundation timing and duration of the Yolo
Bypass varies annually, but with longer hydraulic resi-
dence times, the increased surface area of the floodplain
habitat allows for warmer water temperatures to persist
(Sommer et al., 2004b).
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Figure 3 Fishing effort for every gear type summarized
against average daily flow (source: Yolo Dayflow) and water
temperature

In WY2012, water temperature on the Sacramento
River at Sherwood Harbor and Yolo Bypass at Lisbon
Weir followed typical seasonal trends, with the highest
temperatures occurring in the summer and the lowest
temperatures in the late fall and winter (Table 1). How-
ever, the Yolo Bypass experienced greater variation in
maximum and minimum water temperatures that can be
attributed to: (1) shallow inundated floodplain (only local-
ized flooding in 2012), (2) lower average velocity flows,
and (3) shallower and narrower channel composition of
the Toe Drain as compared to the Sacramento River.

Conductivity
Conductivity is used as a surrogate measurement for

the seasonal variation of salinity in the water moving
through the Yolo Bypass and Sacramento River. The vari-
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ations in salinity strongly affect the geographic distribu-
tion (Bulgar et al., 1993; Nobriga et al., 2008) of several
listed and nonlisted fishes of the San Francisco Estuary.
The discrete collection of conductance data within the Toe
Drain of the Yolo Bypass at the Fyke trap site location
and the Sacramento River at Sherwood Harbor occurred
upon each site visit throughout the entire 2012 water year.
The lowest minimum conductance values occurred in the
Toe Drain during summer months in 2012, which was
very different from the previous 2011 water year in which
they occurred during the winter and spring time period. In
general we saw significantly higher conductance values
in the spring of 2012 than in 2011 (Frantzich et al., 2013).
The lower conductance levels in 2011 were probably
largely influenced by a greater amount of water flushing
downstream into the Toe Drain from the Sacramento and
various side tributaries, aiding in a greater water exchange
rate throughout the perennial channel. With lower overall
flows within the Sacramento River we also saw a trend of
higher conductivity values throughout much of the 2012
water year. The greater variation in conductance values
observed in water year 2012 in the Toe Drain of the Yolo
Bypass as compared to the Sacramento River is likely due
to the influence of local tributaries and various agricul-
tural practices, including early summer and fall rice field
drainage (Sommer, 2004a).

Secchi Depth

Secchi depth was recorded at the fyke trap site in
the Toe Drain and in the Sacramento River at Sherwood
Harbor during lower trophic sampling year-round in 2012.
The average water clarity in the Toe Drain (0.23 m) is
substantially lower than Sacramento River (0.82 m) year-
round (Table 1). Lower water clarity is representative of
a seasonally dynamic and abiotically-driven environment
such as the Yolo Bypass. The seasonal hydrologic vari-
ability of the Yolo Bypass can cause reduced water clarity
through increased suspended particle concentrations and
higher fluctuating temperatures that can increase algal
biomass (Sommer et al., 2004a). Low water clarity has
shown to be beneficial to key fish species in the Delta,
such as the Delta Smelt (Nobriga, 2008; Sommer and
Meija 2013).
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Table 1 Statistical summary of Yolo Bypass and Sacramento
River at Sherwood Harbor water temperature, conductivity,
and secchi depth

ug/L on February 23, 2012 and a minimum of 0.96 pg/L
on November 30, 2011 (Figure 4). The chlorophyll-a
concentration had an overall standard deviation from the

Water Temperature (°C) mean of 1.48 ug/L. In comparison, the Toe Drain of the
Month Avg. Min. Max. Std. Dev. Yolo Bypass at the rotary screw trap reached a maximum
Sac Yoo Sac Yolo Sac Yolo Sac Yoo chlorophyll-a concentration of 27.66 pg/L on November
Oct 171 183 138 147 200 225 17 20 2,2011 and a minimum concentration of 3.65 pg/L on
Nov. 127 128 90 72 159 171 21 28  Nparch 22,2012 (Figure 4). The chlorophyll-a concen-
Dec 106 105 89 70 121 133 09 16 tration had an overall standard deviation of the mean of
Jan 89 88 75 61 100 10 08 17 5.54 pg/L. In the Toe Drain, chlorophyll-a concentrations
Feb 95 98 79 77 M1 12408 10 exceeded 10 pg/L (threshold for enhanced phytoplank-
'Xls: 122 Ei 182'61 192'42 1‘2‘; ;gz (1); ;2 ton and cladoceran growth, Mueller-Solger et al., 2002,
’ ' ' ' ' ' ' ' Schemel et al., 2004), multiple times in March, May and
May 149 191 128 159 185 21 08 13 in fall 2012 from September — November. This is in con-
Jun 169 227 140 170 193 279 16 3.2 . .
Jul 200 261 175 208 22 314 07 22 trast to the Sacramento RIVCI" site, where no samples were
Aig 212 242 206 212 216 290 02 12 collected with values exceeding 7 pg/L.
Sept 199 229 176 208 214 255 09 0.9
Conductivity (uS/cm) 300 *
Ot - 57 - 30 - 795 - 175 - I )
Nov - 425 - 359 - 558 - 54 2600 » I”| '_:;‘:":i‘s:iya”e‘“"‘” »
Dec - 32 - 201 - 421 - 60 S S i
Jan 110 478 101 313 119 654 13 137 g ,“\ 8 [’ ‘l I .
Feb 121 600 102 428 139 713 26 93 BN VAN AR |
Mer 93 501 79 311 106 611 19 76 ze || | I FHig
Apr 96 515 86 392 104 590 9 71 s [ o TunE
May 76 565 74 415 77 636 2 53 3 . I’ “ J \5 r/ \\ /\\/ . 1\/\
Jun 77 648 73 400 81 901 4 176 - P X /A\_,,QV,».. I WA A R
Ji 109 669 90 638 127 697 26 25 - «,,,:"'\ /’FV V: ‘\\Li/b@( S .. \].
Aug 132 842 129 789 136 869 5 46 0 PRI SN Rt e i e
Sept 134 751 132 699 135 797 2 45 RIS

Secchi Depth (m.)

Oct - 028 - 015 032 - 005
Nov - 024 - 018 034 - 005
Dec - 027 - 018 - 070 - 0.1
Jan 064 024 056 015 072 031 011 004
Feb 056 023 044 015 069 035 018 004
Mar 042 024 035 020 049 031 010 004
Apr 054 026 050 014 057 032 004 005
May 094 023 093 015 096 029 002 0.04
Jun 087 024 082 013 096 030 008 004
Ju 091 032 074 020 108 063 024 017
Aug 086 020 084 012 089 027 004 008
Sept 087 024 086 020 088 027 001 003
Chlorophyll

The chlorophyll-a concentrations on the Sacramento
River at Sherwood Harbor reached a maximum of 6.19
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Month/Year

Figure 4 Chlorophyll-a concentration August 2011 — Decem-
ber 2012 at Toe Drain of Yolo Bypass and Sacramento River
at Sherwood Harbor

The substantially lower values of chlorophyll-a in the
Sacramento River are consistent with previous analyses
comparing the Yolo Bypass with the Sacramento River
(Sommer et al., 2004a), and likely are a result of longer
residence times, greater shallow water surface area, and
warmer water temperatures. In addition, nutrient inputs
from agricultural drainage and small west-side tributaries
may contribute to local peaks in phytoplankton production
(Schemel et al., 2004). The chlorophyll-a trends within
the Yolo Bypass for 2012 consisted of peaks in both the
spring and once again in the fall, similar to the fall peak
in the 2011 water year (Figure 4). Although, without
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prolonged floodplain inundation in 2012 we did not see
near the duration or high levels that we saw in spring 2011
during floodplain drainage.

In addition to the spring peak in chlorophyll-a,
elevated levels were also once again observed in the fall
after increased flows occurred within the Toe Drain of the
Bypass due to rice field drainage (Figure 4). Much like
the event in 2011, a phytoplankton bloom occurred in the
lower Sacramento River. These blooms are highly sig-
nificant, given the generally low productivity of the Delta
during the fall and the food web limitations that likely in-
fluence abundance of numerous pelagic fish species (Som-
mer et al., 2007). In response to the high chlorophyll-a
values observed downstream in the Delta, a more rigorous
sampling transect was completed north to south in 2012,
occurring at 11 sites starting just below Knights Landing
Ridge Cut and ending at Rio Vista Bridge, in an effort to
investigate the hypothesis that the Yolo Bypass was the
productivity source. Though sampling occurred after the
initial flow pulse, results showed an obvious trend of in-
creasing downstream chlorophyll-a levels at several sites
as the elevated flows persisted in the Toe Drain (Figure
5). In addition, continuous chlorophyll data recorded by
the DWR water quality station at Rio Vista Bridge (RVB)
showed elevated levels about a month after the increased
flow event in the Toe Drain (Figure 5, Mike Dempsey,
DWR, unpublished data). Samples were also collected in
the Sacramento River near Vieira’s Harbor to provide ad-
ditional certainty that chlorophyll-a concentrations were
consistently low in the main stem during the same time
period. The DWR Environmental Monitoring Program
(EMP) collects phytoplankton data monthly at station D4
downstream of Rio Vista and they determined that the
October bloom was dominated by the species Aulacoseira
granulate a filamentous diatom (Tiffany Brown, DWR,
unpublished data). In fall 2013, DWR Aquatic Ecology
staff, in cooperation with researchers at UC Davis, Rec-
lamation, and the Regional Water Board, will collect both
phytoplankton and additional nutrient samples at an ex-
panded suite of site locations. The objectives of the study
plan are to provide a more complete spatial representation
of water quality and lower trophic conditions before and
after the fall rice field drainage from Yolo Bypass. Under-
standing the mechanisms contributing to fall phytoplank-
ton blooms in the lower Sacramento River may provide
insight into methods of active water management that
may promote productivity in order to support key fisheries
populations.
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Figure 5 Chlorophyll-a transect data against Lisbon daily
flow and RVB daily chlorophyll data

Fish

More than 40 fish species were sampled during the
course of all fish sampling activities in WY2012, 15 of
which are native to the San Francisco Estuary region
(Table 2). The total catch of fish species from Yolo Bypass
was dominated by the nonnative Inland Silverside (Me-
nidia beryllina), with 20,645 sampled. The high catch of
nonnative Inland Silversides in the Yolo Bypass is not
surprising as they have become one of the most abundant
fishes in the shallow-water habitats throughout the estu-
ary (Moyle, 2002). In addition, the high catch in the beach
seine effort in 2012 (Table 2) is consistent with high
CPUE in the favorable shallow perennial channels and
ponds of the Yolo Bypass that has been observed histori-
cally (Feyrer, 2004; Feyrer, 2006a; Nobriga, 2005). One
of the most notable increases in abundance as compared to
the previous sampling seasons was the total number of the
Delta Smelt that were collected in the rotary screw trap.
The WY2012 marked the highest number of Delta Smelt
caught in the history of the Yolo Bypass Fisheries Moni-
toring Program. In addition, we experienced our highest
total annual catch of White Sturgeon in the fyke trap.

Delta Smelt
The total catch of Delta Smelt in WY2012 was the
highest total on record for the Yolo Bypass Fisheries Mon-

itoring Program (Figure 6), at 160 (Table 2). The majority
of this total was comprised of the adult catch in the rotary
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screw trap (96 adults/29 juveniles). Based on our long-
term dataset the timeframe of adult Delta Smelt catch

in the Yolo Bypass can occur as early as the beginning

of January and can continue through June. The catch of
juvenile Delta Smelt begins in May and continues through
as late as July, but the presence of both year classes is
variable annually and is largely affected by hydrologic
conditions. In an effort to account for gaps in rotary screw
trap operation in other years, we estimated the total hours
of rotary screw trap operation for each sampling year, and
compared the number of adult and juvenile Delta Smelt
caught per sampling hour among all years of rotary screw
trap operation (Figure 6). This resulted in a combined
adult/juvenile catch per hour (CPH) of 1.75 Delta Smelt
during the sampling period in 2012. This CPH is unprec-
edented, as the highest prior total was 0.74 in 2009 and
the average in all years is 0.16.

= Juvenile

mAdult

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Year

Figure 6 Rotary screw trap adult and juvenile Delta Smelt
(CPH, # individuals/hour) by year since the inception of
Yolo Bypass Monitoring Program

The previous highest total catch for Delta Smelt
occurred in 2009, with a total of 88 fish, predominately
juveniles. Notably, the Sacramento Valley water year
classification types for both 2009 (dry) and 2012 (below
normal) were similar, resulting in low spring outflows
(CDEC, 2013). It is not known as to the exact reasons for
the higher abundance of Delta Smelt in the Yolo Bypass
during drier years, but possible explanations include: (1)
increased upstream distribution, (2) increased numbers en-
tering on flood tides, and (3) favorable habitat conditions.
Recent findings have shown that Delta Smelt use the
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Cache Slough complex heavily throughout both life stages
(Sommer and Meija, 2013; Sommer et al., 2011; Merz et
al., 2011), and data suggests that there is a population that
maintains a year-round residency within Liberty Island,
just below the Toe Drain (Sommer and Meija, 2013; Som-
mer et al., 2011). In recent years, scientists have identified
several key Delta Smelt habitat preferences that include:
(1) tidal flow (Swanson et al., 1998; Sommer et al., 2011),
(2) open water adjacent to habitats with long residence
times (e.g. tidal marsh, shoal, low-order channels) (Som-
mer and Meija, 2013), (3) in or near low-salinity zone
(Freyer et al., 2007; 2010 Kimmerer et al., 2009; Sommer
and Meija, 2013), (4) high turbidity (>12 NTU) (Grimaldo
et al., 2009), (5) water temperatures <25 °C (Swanson et
al. 2000; Nobriga et al. 2008), and (6) food source primar-
ily made up of calanoid copepods (Sommer and Meija,
2013; Sommer et al., 2011; Nobriga, 2002; Moyle, 2002).
It is important to note that several of these habitat prefer-
ences can be associated with the perennial Toe Drain of
the Yolo Bypass throughout much of the spring, therefore
making this location desirable for Delta Smelt at multiple
life stages.

White Sturgeon

The total catch of White Sturgeon in the fyke trap for
WY2012 was 260 (Table 2), the highest on record for the
Yolo Bypass Fisheries Monitoring Program (Figure 7).
Prior to WY2012, the two years with the highest White
Sturgeon catch were water years 2004 (168 total) and
2007 (120 total). Since 2000, the catch of White Sturgeon
in the fyke trap has occurred predominately in the months
of February, March and April during the upstream spawn-
ing migration period (Moyle, 2002; Khohlhorst, 1976,
Schafter, 1997). In 2012, we saw large numbers of White
Sturgeon in our fyke trap after increased spring flow
pulses within the Toe Drain (Figure 7), and this has been
consistent during previous years of high catch numbers.
This upstream migration response by large numbers of
sturgeon to spawning grounds has been observed in much
of the upper Sacramento River (Schafter, 1997; Kohlhorst
et al., 1991, Moyle, 2002).

It is important to note that based on angler recaptures
it is thought that some sturgeon migrate upstream to lower
reaches of the river in the winter months prior to making
the final push to the upper reaches to spawn (Miller 1972;
Kohlhorst et al., 1991; Schafter, 1997). There is limited
field survey data on the seasonal use of the Cache Slough
Complex by White Sturgeon, but based on the return of
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DFW Sturgeon Fishing Report Cards (since 2007) there
is evidence that White Sturgeon are present year-round
in this northern region of the Delta, since anglers have
reported catches within both the Yolo Bypass and Sacra-
mento Deep Water Ship Channel in all seasons (DFW).
It is established that many White Sturgeon migrate up
the Sacramento River to spawn each year, but based on
twelve years of fyke trap data collection within the Yolo
Bypass, some portion of the population moves up the Toe
Drain, which has no fish passage to the main stem dur-
ing dry years when Fremont Weir is not spilling. Even
in years of high flows White Sturgeon are susceptible to
stranding at the various flood control structures in the
Yolo Bypass (Thomas et al., 2013), and therefore it has
been a focus of the BDCP to develop a better method of
fish passage at Fremont Weir to allow White Sturgeon to
reach viable spawning grounds in the upper Sacramento
and Feather rivers.
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Figure 7 Fyke trap total catch of White Sturgeon for WY2012
against Lisbon Weir Daily Net Flow

As part of the DFW Ecosystem Restoration Program
(ERP) and IEP-funded project “Evaluation of Floodplain
Rearing and Migration in the Yolo Bypass,” 67 White
Sturgeon from the fyke trap were tagged surgically with
Vemco V16 acoustic tags. This telemetry study is a joint
effort by the UC Davis Biotelemetry Lab and the DWR
Aquatic Ecology Section to investigate White Sturgeon
holding behavior as well as residence and migration tim-
ing in the Yolo Bypass. It is the primary goal of the proj-
ect to provide additional insight into fish behavior once
adult White Sturgeon and Chinook Salmon enter the Yolo
Bypass, with an emphasis on guiding restoration plans in
developing solutions to improve future fish passage to the
Sacramento River under variable hydrologic conditions.
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Table 2 Species catch summarized by gear type for WY2012.
Sorted by descending order of abundance

Species Screw Trap Fyke Trap Beach Seine C-:::;:
Inland Silverside 5,649 (50.20%) 2(0.09%) 14,994 (56.49%) 20,645
Threadfin Shad 2,650 (23.55%) 64 (291%)  2,125(8.01%) 4,839
Bluegill 14 (0.12%) 2(0.09%) 2914 (10.98%) 2,930
Striped Bass 1,180 (10.49%) 367 (16.68%) 317 (1.19%) 1,864
Bigscale Logperch 1(0.01%) 0 1647 (6.20%) 1,648
Black Bullhead 0 15 (0.68%) 1,013 (3.82%) 1,028
Splittail 706 (6.27%) 151 (6.86%) 61(0.23%) 918
Western

Mosquitofish 86 (0.76%) 0 824 (3.10%) 910
Black Crappie 39 (0.35%) 110 (5%) 41 (2.79%) 890
White Catfish 159 (1.41%) 724 (32.91%) 5(0.02%) 888
Shimofuri Goby 164 (1.46%) 0 569 (2.14%) 733
Common Carp 125 (1.11%) 163 (7.41%) 140 (0.53%) 428
Channel Catfish 49 (0.44%) 235 (10.68%) 35(0.13%) 319
White Sturgeon 0 259 (11.77%) 0 259
White Crappie 2(0.02%) 7(0.32%) 217 (0.82%) 226
Fathead Minnow 19 (0.17%) 0 163 (0.61%) 182
Largemouth Bass 6 (0.05%) 1(0.05%) 175 (0.66%) 182
Delta Smelt 125 (1.11%) 0 35(0.13%) 160
Prickly Sculpin 33 (0.29%) 0 114 (0.43%) 147
Chinook Salmon 119 (1.06%) 4(0.18%) 20 (0.08%) 143
Yellowfin Goby 15 (0.13%) 0 93 (0.35%) 108
Tule Perch 20 (0.18%) 0 75 (0.28%) 95
Sacramento

Blackfish 0 21(0.95%) 59 (0.22%) 80
Warmouth 1(0.01%) 0 76 (0.29%) 77
Threespine

Stickleback 53 (0.47%) 0 0 53
American Shad 1(0.01%)  35(1.59%) 13 (0.05%) 49
Sacramento Sucker 0 31 (1.41%) 9(0.03%) 40
Redear Sunfish 0 0 39 (0.15%) 39
Golden Shiner 17 (0.15%) 1(0.05%) 12 (0.05%) 30
Hitch 1(0.01%) 2(0.09%) 25 (0.09%) 28
Green Sunfish 0 0 15 (0.06%) 15
Sacramento

Pikeminnow 1(0.01%) 2(0.09%) 11 (0.04%) 14
Pacific Lamprey 9 (0.08%) 0 0 9
Goldfish 1(0.01%) 3(0.14%) 2(0.01%) 6
Longfin Smelt 4 (0.04%) 0 0 4
Spotted Bass 0 0 3(0.01%) 3
Red Shiner 1(0.01%) 0 1(0%) 2
Wakasagi 1(0.01%) 0 1(0%) 2
Pacific Staghorn

Sculpin 0 0 1(0%) 1
Rainbow /

Steelhead Trout 0 1(0.05%) 0 1
Smallmouth Bass 1(0.01%) 0 0 1
Grand Total 11,252 2,200 26,544 39,996
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Future Work

In spring of 2013 DWR, UC Davis, and U.S. Bureau
of Reclamation (USBR) continued the ERP project. This
project will focus on acoustic telemetry technology to
understand movement patterns of adult salmon and stur-
geon, as well as juvenile salmon migration patterns and
residence times in the Yolo Bypass, genetics to determine
run classifications of Chinook Salmon that use the Yolo
Bypass, and investigate the possibility of an isotopic sig-
nature of Yolo Bypass residence on the otoliths of juvenile
salmon. In addition, the project supports the analysis of
more than a decade of data on lower trophic organisms
and juvenile salmon usage of the Yolo Bypass. Also in
2013, DWR added a work plan item to further investigate
fall phytoplankton production in the Toe Drain of the Yolo
Bypass and to determine timing of downstream export.
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2012 20 mm Survey

Lauren Damon, DFW, Lauren.Damon@wildlife.ca.gov

The California Department of Fish and Wildlife
(CDFW) staff conducts the 20 mm Survey annually to
monitor the distribution and relative abundance of larval
and juvenile Delta Smelt (Hypomesus transpacificus) in
the upper San Francisco Bay Estuary. The survey began in
1995 and supplies real-time catch data to water and wild-
life managers as part of an adaptive management strategy
to limit the risk of entrainment to Delta Smelt from water
exports.

From March to July of 2012, staff completed nine
bi-weekly surveys. A total of 47 stations (Figure 1) were
sampled each survey to measure larval fish and zooplank-
ton densities. Larval fish were collected using a conical
net with 1600-micron mesh. The 20 mm net is 5.1 meters
long with a mouth area of 1.51 square meters, and is at-
tached to a rigid steel D-ring frame that is mounted on
skis. At each station, the entire water column was sampled
using three stepped-oblique tows. A zooplankton tow was
also simultaneously collected. All samples were preserved
in 10% buffered and dyed formalin for later identification
in the laboratory.
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Figure 1 The CDFW 20 mm Survey station map, showing
current sampling station locations in the upper Sacramen-
to-San Joaquin Estuary. Stations marked with a black dot
are core stations, stations marked with a purple triangle are
non-core stations.

25

A total of 52,420 fish (42 taxa) were collected in
2012. Delta Smelt was the sixth most abundant species,
making up about 2% of the total catch (Table 1). Larval
and juvenile Delta Smelt catches were relatively low dur-
ing March and April, increased in early May, and peaked
in late May (Survey 6; n=441) providing the highest catch
per survey since 2001. Delta Smelt catch decreased but re-
mained relatively high in early June, and then dropped off
for the final two surveys in June and July. This decrease
has been apparent during prior 20 mm Survey seasons, as
the larger juveniles are no longer efficiently retained in the
net (Figure 2).

Delta Smelt Length Frequency for 2012
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Figure 2 Delta Smelt length frequency distributions from
the CDFW 2012 20 mm Survey (http://dfg.ca.gov/delta/
data/20mm/Length_frequency.asp)

The first Delta Smelt larvae were caught at the end of
March (Survey 2) and ranged in size from 5 to 14 millime-
ters, indicating that spawning had begun by early March.
The last newly-hatched larvae were caught in May, indicat-
ing an end to the spawning season (Figure 2). Larval Delta
Smelt were found throughout the estuary, including the
confluence, Montezuma Slough, and the Napa River (Fig-
ure 3). It is likely that adult Delta Smelt used these same
locations within the estuary to spawn, as mature adults were
caught during the same time period in the CDFW’s Delta
Smelt spawner survey (Spring Kodiak Trawl).
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Table 1 Total species caught from the 2012 CDFW 20 mm

Survey
Common Name n % Catch
Tridentiger spp. 19,253 36.73%
Pacific Herring 12,869 24.55%
Striped Bass 9,811 18.72%
Longfin Smelt 3,543 6.76%
Northern Anchovy 1,291 2.46%
Delta Smelt (YOY) 1,077 2.05%
Delta Smelt (adults) 62 0.12%
Yellowfin Goby 1,112 2.12%
Bay Goby 956 1.82%
Prickly Sculpin 846 1.61%
American shad 438 0.84%
Threadfin Shad 360 0.69%
Arrow Goby 252 0.48%
White Catfish 12 0.21%
Three Spine Stickleback 94 0.18%
Jacksmelt 42 0.08%
Cyprinids (unid) 33 0.06%
Shimofuri Goby 31 0.06%
Pacific Staghorn Sculpin 30 0.06%
Centrarchids (unid) 28 0.05%
Chinook Salmon 24 0.05%
Wakasagi 22 0.04%
Inland Silverside 21 0.04%
Longjaw Mudsucker 21 0.04%
Bigscale Logperch 17 0.03%
Splittail 15 0.03%
Carp " 0.02%
Sacramento Sucker " 0.02%
Starry Flounder 6 0.01%
Shokihaze Goby 6 0.01%
English Sole 5 0.01%
Black Crappie 3 0.01%
Topsmelt 3 0.01%
Channel Catfish 3 0.01%
Rainwater Killifish 2 <0.01%
Bay Pipefish 2 <0.01%
Tule Perch 2 <0.01%
Mosquitofish 1 <0.01%
Goldfish 1 <0.01%
Sacramento Blackfish 1 <0.01%
Lampreys (unid) 1 <0.01%
White Croaker 1 <0.01%
Cheekspot Goby 1 <0.01%

26

Delta Smelt 2012

SURYEY 5 (5/7/2012 - 5/10/2012) O
@ S
@
s}
a
; Q e
+
a “ » b & a
R A O @ ® oO @ a Py
@ o R o LIS @ o &
&
< @ .
Fish Per 10,000 Cubic Meters & o
+ Not Sampled @
O =0
¢ ==20.99
@ <=41.96
@ <=oz9 T+
O <= 83.90
O <= 104.87

Figure 3 Delta Smelt distribution map from CDFW 20 mm

Survey 5 (taken from http://dfg.ca.gov/delta/projects.
asp?ProjectiD=20mm). Green bubbles represent the relative

CPUE of YOY Delta Smelt at each site (see legend). White
bubbles are sampled stations with no YOY Delta Smelt
caught. Red crosses indicate the station was not sampled
(these stations are not part of our current surveys).

An index of abundance for larval/juvenile Delta Smelt
is calculated using data from the four surveys around
which the mean size of young of the year (YOY) Delta
Smelt is 20 mm. The index is calculated using only the 41
core stations, which have been sampled consistently since
the survey’s inception. The 2012 index was 11.1 and was
calculated using Surveys 5 (May) through 8 (June). This
year’s index is the eighth highest on record, and the high-
est index since 2005 (Figure 4). The increase in the rela-
tive abundance of larval and juvenile Delta Smelt in 2012
was likely due to the wet 2010/2011 water year, which
provided relatively good conditions for adult Delta Smelt
recruitment, development, and spawning.

Fish distribution maps, length distributions, and catch
per unit effort (CPUE) by station for the current and pre-
vious years are reported on the 20 mm Survey webpage
(http://dfg.ca.gov/delta/projects.asp?ProjectiID=20mm).

Existing data and metadata can be found at our FTP site
(ftp:/ftp.dfg.ca.gov/Delta%20Smelt/) and detailed meth-
ods on the calculation of the 20 mm abundance index are

available through this author.
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Year | index
1995 44
1996 | 33.9
1997 | 19.3 4

1998 77 40
1999 | 397
2000 | 238 %
2001 13 30
2002 8.0
2003 13.1 25
2004 82 20
2005 | 154
2006 9.9 1
2007 1.0 10
2008 29

20-mm Delta Smelt Index
2009 23 5

2010 3.8 0.‘II"IIIIII_II.II

2011 8.0 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
2012 114

Figure 4 The annual index of abundance for YOY Delta
Smelt for the historical record of the CDFW 20 mm Survey

Specific-Conductance and
Water Temperature Data, San
Francisco Bay, California,

for Water Years 2008-10

Paul A. Buchanan (USGS), buchanan@usgs.gov

Introduction

The U.S. Geological Survey (USGS) has continuously
monitored specific conductance (a surrogate that can be
converted to salinity) and temperature in San Francisco
Bay since 1989 and these data are a valuable resource for
the San Francisco Estuary community. This monitoring
is part of the Interagency Ecological Program to com-
ply with Order 10 of Water Rights Decision 1485. Delta
outflow is a key driver affecting Bay habitat (salinity) and
circulation, including flushing of South San Francisco Bay
(McCulloch et al. 1970, Shellenbarger et al. 2013). These
data provide the basis for calibrating and validating many
numerical models of San Francisco Bay used to design
development projects and restore wetlands, including
the Napa/Sonoma Marsh Restoration, Hamilton Airfield
Restoration, dredged material disposal studies, San Fran-
cisco Airport Runway Expansion, Bair Island Restoration,
South Bay Salt Pond Initial Stewardship Plan, and the
South Bay Salt Pond Restoration Project. The data have
been analyzed to determine the effect of flow diversions
on Bay salinity (Shellenbarger and Schoellhamer 2011)
and used as ancillary data by many other studies. The
salinity stations are part of a larger continuous monitor-
ing program that includes suspended-sediment concen-
tration monitoring supported by the U.S. Army Corp of
Engineers as part of the Regional Monitoring Program
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for Water Quality in the San Francisco Estuary and other
agencies (Schoellhamer et al. 2007).

This article presents time-series graphs of specific-
conductance and water-temperature data collected in San
Francisco Bay during water years 2008-10 (October 1,
2008, through September 30, 2010). Specific-conductance
and water-temperature data were recorded at 15-minute
intervals at five USGS locations (Figure 1, Table 1).
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Figure 1 Location of continuous monitoring sites in San
Francisco Bay, California

Specific-conductance and water-temperature data
from monitoring station San Francisco Bay at San Mateo
Bridge (SMB) were recorded by the California Depart-
ment of Water Resources (DWR) before 1988, by the
USGS National Research Program from 1988 to 1989,
and by the USGS-DWR cooperative program since 1990.
Monitoring stations Suisun Bay at Benicia Bridge (BEN)
and Carquinez Strait at Carquinez Bridge (CARQ) were
established in 1998 by the USGS. The monitoring station
at San Francisco Bay at Alcatraz Island (ALC) was estab-
lished in 2003 by the USGS to replace the discontinued
monitoring station San Francisco Bay at Presidio Military
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Reservation. Monitoring station San Francisco Bay at
Richmond/San Rafael Bridge (RICH) was established in
2006 by the USGS to replace the discontinued monitoring
station San Pablo Strait at Point San Pablo.

Data Collection

Specific-conductance and water-temperature data
were collected at two depths in the water column (Table
1) to help define the vertical variability. However, at the
shallow ALC site, data were collected only at one depth.

Table 1 Sensor depths (in feet) below mean lower-low water1
(MLLW), San Francisco Bay, California, water years 2008-
2010

Lat. Long. Depth

Site  Code St;zm (NAD (NAD s:;’;st;’,’ below Z’:}’)‘z,v
’ 1983) 1983) MLLW'
Suisun Bay Near-
at Benicia surface 6
Bridge,
near
Benicia, 38° 122° Near-
Ca. BEN 11455780 242" T7'3¢" bottom 55 80
Carquinez Mid-
Strait at depth 40
Carquinez
Bridge,
near
Crockett, 38° 122° Near-
Ca. CARQ 11455820 341" 13'32"  bottom 83 88
San . Mid-
Francisco depth 15
Bay at
Richmond/
San Rafael
Bridge near
San Rafael, 3756071 37° 122° Near-
Ca. RICH 22264701 56’07 26'47"  bottom 40 45
San
Francisco
Bay at
NE shore
Alcatraz 3749381 3r° 122° Mid-
Island, Ca. ALC 22251801 4938 2518 depth 6 16
San Near-
Francisco surface 4
Bay at
San Mateo
Bridge,
near Foster 37° 122° Near-
City, Ca. SMB 11162765 3504” 1503"  bottom 38 48

"The mean lower-low water depth is the average of the lower-low
water height above bottom of each tidal day observed during the
National Tidal Datum Epoch (NTDE). The NTDE is the specific 19-
year period (1960-1978 for values given in this report) adopted by the
National Ocean Service as the official time segment during which tidal
observations are made and reduced to obtain mean values (National
Oceanic and Atmospheric Administration, 2000).
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Several types of instrumentation were used to mea-
sure specific-conductance and water temperature data
in San Francisco Bay. Specific conductance, reported
in microsiemens per centimeter at 25 °Celsius (C), was
measured using either a Foxboro electrochemical ana-
lyzer (calibrated accuracy + 0.5%) or a YSI, Inc. 6920-M
multi-parameter water quality logger (conductivity cell
calibrated accuracy + 0.5%). Water temperature (reported
in degrees Celsius) was measured using a Campbell Sci-
entific thermister (accuracy = 0.2 °C), or a YSI 6920-M
multi-parameter water quality logger (temperature probe
accuracy £ 0.2 °C). The calibrated accuracies stated here
are manufacturer specifications and do not reflect the ac-
curacy of collected data. In an environmental monitoring
program, potential sources of introduced error include,
but are not limited to, electronic drift, calibration standard
inconsistencies, and biological fouling of sensors.

Monitoring instrument calibrations were checked
every 3-4 weeks. Calibration of the Foxboro specific-
conductance instruments were checked using a WTW
model 197 conductivity meter (calibrated accuracy + 1%)
which was calibrated to a known specific-conductance
standard. Direct checks against a known standard were not
possible with the Foxboro large-bore probe because of the
large volume of standard needed. Calibration of the YSI,
Inc. specific-conductance instrument was checked using a
range of known specific-conductance standards. Calibra-
tion of the water-temperature instruments were checked
using a NIST traceable Cole Parmer thermister (accuracy
+ 0.2 °C). Data corrections (necessary because of biologi-
cal fouling or instrument electronic drift) were applied to
the record following the guidelines described by Wagner
and others (2000).

Data Presentation

Figures 2 through 6 show time-series graphs of the
specific-conductance and water-temperature data mea-
sured at the five sites in San Francisco Bay. Gaps in the
data primarily are caused by equipment malfunctions and
fouling. Tidal variability (ebb and flood) affects specific
conductance and water temperature (Cloern and others,
1989; Ruhl and Schoellhamer, 2001). To illustrate tidal
variability, Figure 7 shows the near-surface and near-bot-
tom specific conductance and the corresponding water-
level data at the BEN site for the 24 hours of December
31, 2009. The water-level data are not published or
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referenced to a known datum and are shown only to detail

how specific conductance varies with tidal change. Tidal
variability is greater in Carquinez Strait than in South San
Francisco Bay (Figures 2, 3, 6; Schoellhamer, 1997).

BEN near-surface depth
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Figure 2 Measurements of specific conductance and water
temperature at Benicia Bridge (BEN), Suisun Bay, water
years 2008-2010. For reference, seawater has a specific
conductance of about 53,000 microsiemens per centimeter
(5.3 x 104)

Daily maximum and minimum values of specific-con-
ductance and water-temperature data for the five sites are
published annually in the USGS Water Resources Data,
California, series, which is available on the USGS web-
site http://ca.water.usgs.gov/archive/waterdata/ (USGS,

accessed June 1, 2011). The complete data sets through
September 30, 2010, also are available http://sfbay.

wr.usgs.gov/sediment/cont monitoring/index.html (USGS,

accessed June 1, 2011).
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Water temperature, in degrees Celsius
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Figure 3 Measurements of specific conductance and water
temperature at Carquinez Bridge (CARQ), Carquinez Strait,
water years 2008-2010. For reference, seawater has a
specific conductance of about 53,000 microsiemens per
centimeter (5.3 x 104)
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Figure 4 Measurements of specific conductance and water
temperature at Richmond/San Rafael Bridge (RICH), Central
San Francisco Bay, water years 2008-2010. For reference,
seawater has a specific conductance of about 53,000 micro-
siemens per centimeter (5.3 x 104)
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Figure 5 Measurements of specific conductance and water
temperature at Alcatraz Island (ALC), Central San Francisco
Bay, water years 2008-2010. For reference, seawater has

a specific conductance of about 53,000 microsiemens per
centimeter (5.3 x 104)
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Figure 6 Measurements of specific conductance and water
temperature at San Mateo Bridge (SMB), South San Fran-
cisco Bay, water years 2008-2010. For reference, seawater
has a specific conductance of about 53,000 microsiemens
per centimeter (5.3 x 104)
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Figure 7 Near-surface and near-bottom measurements of
specific conductance and water levels at Benicia Bridge,
Suisun Bay, December 31, 2009. For reference, seawater
has a specific conductance of about 53,000 microsiemens
per centimeter (5.3 x 104).
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